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Description 

i 

[0001] This invention is about wear-resistant parts with higher solidbody lubrication capability as well as higher wear 
resistance and oxidization proof. 

5 [0002] In the field of cutting tools, moulds and mechanical components, it is popular to coat various hard layers in 
order to have wear resistance, oxidation proof, lubrication capability. Typical TIN, TiCN layers have good wear resist- 
ance, but still have problem of oxidation proof. Furthermore, TiAIN based layer proposed by Japanese laid-open patent 
specification Sho62-56565 and others have good wear resistance and oxidation proof but lubrication capability is stilt 
low. CrN, CrCN based layers have good lubrication capability, but have lower layer hardness and lower wear resistance. 

10 Like the above, conventional layers have inferiority in either wear resistance or oxidization proof or lubrication property 
and still have some problems in various applications. In addition, in order to have lubrication property, Japanese laid- 
open patent Hei 5-23961 8 and others proposed to coat MoS based layer which has better lubrication property on the 
surface of hard layers, however adhesion is poor and does not have enough results-. Like this, conventional layers still 
have a certain problem and in order to solve problems with layers other than MoS based layer, Japanese laid-open 

is patemt Hei 1 1 -1 56992 proposed to coat CrN based layer on the top layer of TiAIN based layer, but not yet satisfactory 
in wear resistance, because thickness of TiAIN layer is not enough, due to limitation of the entire layer thickness, to 
some extent. i 
[0003] The purpose of this invention is to improve wear resistance, oxidation proof and lubrication property without 
degrading any one of all those properties. 1 ( 

, 20 [0004] In order to solve above mentioned themes, in this invention, in hard layer coated parts which is coated with 
hard layers, hard layers are coated with minimum one or two layers which contain Al, Ti, Cr, N, O. Furthermore, superior 
execution modes of this invention are: 

i , 
Chemical analysis of each layer which consists hard layer is: i 

25 

(Al a Ti b Cr c ) (N w O,. w ), 

however, 3 0^a^7 0, 3 0 ^ b ^ 7 0, 0. 5 ^ c ^ 2 0, , 
30 a+b+c=1 0 0, 0. 7 ^ w g 0. 9 9, 

The number of layers is 3-1000 layers. 
Thickness of each layer is 5 nm-2000 nm. 

Hard layer consists of less oxide-containing A- layer and more oxide-containing B-layer. 
Oxigen content of A-layer is 1-10 atomic %, while oxigen content of B-layer is 10-30 atomic %. 
35 - in partial or entire layers, oxigen content is inclination composition. 
Crystal structure of hard layers is NaCI type. 

In X-ray diffraction of hard layer, supposing that the intensity of the diffraction of (200) plane is 1(200) and the 
intensity of the diffraction of (111) plane is 1(200), l(200)/l(111) = more than 1. 
Crystal structure of hard layers is fine columnar crystal or amorphous. 
40 - Grain diameter of fine columnar crystal is smaller than 250 nm at a distance of 1000-1500 nm from the border- 
plane hard layer and substrate. 

Compression stress residual in hard layers is less than 3,5 GPa. 

[0005] This invention is adoption of hard layers to which oxigen is added, while Ti, Al, Cr and N are essential elements. 
45 Naturally, Ti and Al contribute as wear resistant elements and Cr contributes as element which gives lubrication property, 
however, these are not sufficient and therefore by adding oxigen, stronger oxidization proof and lubrication property 
are gained. 

[0006] In the field of cutting tools, first of all, oxidation proof is further improved, when Cr is^addedito Ti^lN^substrate. # 
In case of TiAIN, it is well known that along with oxidation, inside the layer Al is diffused to the surface and by creation 

so of Al oxide, oxigen penetration from outside is supressed resulted in an improvement of oxidation proof. However, in 
this case, when expecially a shock of cutting tool is given, Al oxide can easily piicks-off and it is difficult to keep that 
effect, because underneath Al oxide, very porous Ti oxide is created. The same goes to moulds and the like. It was 
proved that porous Ti oxide created underneath Al oxide turns into TiCr oxide by adding Cr and this oxide forms very 
dense layers. Accordingly, Al oxide created on the top layer has sufficient adhesion and in result, oxidation proof is 

55 improved. 

[0007] The second effect of Cr addition is, god lubrication property Cr itself is given to TiAIN layer. Friction co. effi- 
ciency of TiAIN against steel is 0,7 - 0,8, but along with Cr addition, it can be improved to 0,3 - 0,6. This friction co. 
efficiency depends on the volume of Cr added. However, when the volume of Cr addition is too much, it causes decrease 
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of layer hardness resulted in inferior wear resistance and therefore it is better to settle upper limit of the volume of 

[0008]" It is confirmed that Cr addition only can improve lubrication property and oxidation proof of TiAIN based layers, 
but Cr is not enough and further improvement is recognized when oxigen is added. Effect of oxigen addition results, 

5 first of all drastic improvement of oxidation proof as well as drastic improvement of lubrication property. It is considered, 
the reason why oxidation proof is drastically improved is that along with oxigen addition inside the layer, crystal becomes 
finer and layer itself becomes dense and grain boundry becomes dense so that the speed of oxigen diffusion against 
oxigen penetration from outside is drastically supressed. Improvement of lubrication property has not yet been analyzed 
well but it is considered, its reason is that affinity with steel becomes lower by adding oxigen. 

10 [00091 The second effect of oxigen addition is that wear resistance is improved by improved adhesion of layers, due 
to lowering of residual compression stress in layers. Adhesion of layers is critically important especially in heavy duty 
cutting or in the field of forging dies. There is a trend of wear progress caused by small peeling-off of layers and when 
big peeling-off takes place, life times comes to an immediate stop. Peeling border load in scratch test of AlCrN based 
layer is 60-80N, while it is improved to more than 1 00N by adding oxigen. 

is [0010] However, when the volume of oxigen addition increase, wear resistance improves, because of above men- 
tioned improvements of oxidation proof, lubrication property and adhesion, but on the other hand, layer hardness itself 
is softened resulted in inferior abrasive wear resistance. Accordingly, it is important and desirable to make multi-layers 
of layers with optimized elements which contribute to oxidation proof and lubrication property and layers with .optimized 
elements which contribute to abrasive wear resistance. Advantages of the above two kinds of layers are multiplied by 

20 making multiple layers 



%, 



maKing muiufjiB iay«sio. . 
[00111 In the next place, the reason why values were limited is explained. In case Al is less than 30 atomic 
oxidation proof of layers becomes worse, while it is more than 70 atomic %, AIN with hep structure created in layers 
makes layer-strength weaker and therefore undesirable. In case Ti is less than 30 atomic %, wear resistance *of layers , 
becomes worse while when it is more than 70 atomic %, oxidation proof of layers becomes worse and therefore 
25 undesirable. In case Cr is less than 0,5 atomic %, porous Ti oxide is created which does not contribute to improvement 
of oxidation proof, while it is more than 20 atomic %, layer hardness is softened and wear resistance becomes worse 
and therefore undesirable. In case oxigen is less than 1 atomic % against nitrogen, it does not contribute to improvement 
of oxidation proof, lubrication property and adhesion, while it is more than 30 atomic %, layer hardness is softened 
and therefore undesirable. 

30 [0012] When the number of layers in multi-layers is less than three layers, though they show individual effects, as 
mentioned above, either defect becomes remarkable and multiplied effects cannot be observed. On the other hand, 
when the number of layers is more than 1 000 layers, each layer thickness is too thin which does not bnng multiplied 
effects and at the same time there is a trend of increase of residual stress and loses adhesion property of the layers 
and therefore undesirable. The same goes to each layer thickness. When each layer thickness is less than 5 nm, 

35 effects of advantages of each layer are weakened, while when it is more than 2000 nm. only approx. three layers are 
realized and therefore undesirable. 

[0013] As mentioned above, the purpose of multi-layers of low oxigen-containing layers and high oxigen-containing 
layers is, low oxigen-layers have smaller hardness decrease and contribute to abrasive-wear resistance, which high 
oxigen containing layers greatly contribute to oxidation proof, lubrication property, though there is a trend of decrease 

40 of layer hardness. By coating these into multi-layers, both effects are multiplied and bring favourable efffects. In low 
oxigen containing layers, when oxigen containing volume is less than 1 atomic %, adhesion with high oxigen-containing 
layers is weakened, while it is more than 1 0 atomic %. abrasive wear resistance is degraded and therefore undesirable. 
On the other hand, in case of high oxigen containing layers, when oxigen containing volume is less than 1 0 atomic %, 
it does not contribute so much to improvement of oxidation proof, lubrication property, while it is more than 30 atomic 

45 % layer hardness is drastically softened and loses wear resistance and therefore undesirable. 

[0014] Simple multi-layers of these low oxigen containing layers and high oxigen-containing layers can create no 
problems, but adhesion of each layer is further improved either by inclining oxigen content in each layer and minimizing 
changes of oxigen contents at border-planes or by making oxigen contents continuous like sine curve. 
[001 5] In crystal structure, NaCI type has many sliding surfaces and layer hardness in high temperature has an upper 

so limit of approx. HV3000 and it is difficult to have higher hardness. On the other hand, it has better ductility, smaller 
creation of chippings, smaller creation of micro cracks when a shock is given and therefore stable life time can be 

achieved. _ . 

[0016] Crystal orientation of layers depends on coating conditions. When there is a trend that when depositioning 
with relative low energy, it is strongly oriented to (200) plane, while when depositioning with relative high energy, it is 
55 oriented to (11 1 ) plane. It was confirmed that in case of deposition with low energy, deposition rate of layer is low, but 
layer density is improved and results in better oxidation proof and wear resistance. Accordingly, it can be said when 
(200) plane intensity of the diffraction is stronger than the one og (111) plane, more superior oxidation proof and wear 
resistance are gained and therefore more favourable. Crystal orientation does not affect lubrication property so much. 
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[0017] Crystal grain diameter of layer is decided at fractional surface SEM and draw a line parallel to base body at 
a distance of 1000 nm - 1500 nm from subtrate surface and prescribed by the number of grain boundary which cross 
the line. In this case, crystal grain diameter in the layer is bigger than 250 nm, wear resistance, layer strength degrade 
and therefore undesirable. State of amorphous means in this case that it is not amorphous actually, however clear 
s crystal grain boundary cannot be observed in observation of fractional surface. In such a case especially, a remarkable 
improvement of oxidation proof is confirmed. 

[001 8] Compression stress residual in layer depends on coating conditions, but when exceeding 3,5 GPa, adhesion 
is degraded and therefore undesirable. By the way, the layers of this invention can have the same trend in production 
system of Arc Ion Plating, Sputtering, Electron beam-evaporation, Plasma Assist CVD and production method can be 

10 combination of those production methods. 

[0019] In the next place, favourable embodiment in this invention is explained hereunder together with comparison 
examples. Sample layers of this invention and comparison samples were produced in Arc Ion Plating. Composition of 
AITiCrwas adjusted by adjustment of metal composition of cathod target which are evaporation source. Oxigen content 
was adjusted by mixing ratio of mixed gas of nitrigen and oxigen and also by switching over gasses. Crystal orientation 

15 is basically adjusted by coating conditions and (200) orientation layers were produced by coating conditions with 70 V 
bias voltage which is given to the substrate/reaction pressure 1 Pa, while (111) orientation layers were produced with 
' 200 V bias voltage/reaction pressure 0,5 Pa. Besides, ratio l(200)/l(11 1) depends a little also on layer composition and 
oxigen containing volume. 

i 

20 
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Chart!: 



5 




test pc 

Mm 

NO, 


A-layer 


B-layer 


No. of 
layers 






1 


50A1 40T i 1 0Cr-5095N 


50AI40Ti10Ci — ZOU/OiN | 


20 






2 
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35A1 55Ti 1 0Cr-2o0/ON f 


20 


10 




4 


65AI32T i3Cr-5095N 
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o 
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40AI35Ti25Cr-5095N 


40AI35Ti25Cr-25075N 
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50A 1 40T i 1 0Cr-2098N 


50A1 40Ti 1 0Cr-2bQ7oN . 
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29 


// 


it 
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45 [0020] In Chart 1 , examples of this invention and comparison examples are shown. Layer thickness of examples of 
this invention as well as in comparison examples are all 3000 nm - 3200 nm. 
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[0021] In Chart 2, measuring results of examples of this invention and comparison examples shown in Chart 1 are 
explained, concerning oxidation proof, lubrication property and wear resistance to which layer hardness contributes. 
For oxidation proof, weight increase/unit time by oxidation by holding test pes at 900°C in open air was measured. 
Lubrication property was analyzed by measuring friction co.efficiency with carbon steel. For hardness, vickers hardness 
was measured by prove ball penetration depth under 1 g load, using nano indenter. It is very clear that examples of 
this invention are superior to comparison examples in every point. 



3NSDOCID: <EP 1132498A1_I_> 



6 



EP1 132 498 A1 



Chart 3: 
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[0022] l n Chart 3 » t001 ,ife of examples of Chart 1 is shown through end mill cutting under conditions below. 



50 



55 



Substrate composition 


90WC - 9,5 Co - 0,5 Cr, WC grain dia. 0,8 \im 


Tool 


6 cutting blades, dia. 8 mm end mill 


Cutting object 


SKD 11 (HRC 63) 


Cutting speed 


1 00 m/min 


Depth of cut 


8 mm x 0,8 mm 


Feed rate 


50 u/n/cutting edge 


Dry or wet 


Dry cutting 



[0023] Criterion of tool life judgement is when end mill is broken into two pieces. In any respect, tool life of examples 
of this invention is longevity and effects of multi-layer structure with T1AIN base added by Cr and oxigen are self evident. 
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[0024] In Chart 3, results of hole-drilling of examples of this invention and comparison examples in Chart 1 with the 
conditions below are also described. Thrust power is the result of measurement at 10th hole at initial stage of drilling. 
Tool life was judged when drill was broken. 



Substrate composition 


91 ,5WC - 8 Co -0,5 Cr, WC grain dia. 0,8 \vn 


Drilling object 


SKD 61 (HRC 42) 


Drill dla. 


8 mm 


Cutting speed 


80 m/min 


Feed rate 


0,2 mm/rev. 


Depth of hole 


32 mm 


Dry or wet 


Dry cutting 



[0025] It is self evident that examples of this invention has remarkably low thrust resulted in longevity. 

[002^] in the next place, hard metal Inserts of this invention and comparison were put into cutting test. Its results are 

also described in Chart 3. In case of front milling, oxidation proof is important, because cutting speed is high. 



, 20 



Substrate 


P30 grade hard metal alloy 


Insert 


SEE42TN (clearanbe angle is 5°) 


Cutting object 


SKD61 (HRC22) 


Cutting speed 


400 m/min 


Cutting depth 


1 mm i 


Feed rate 


0,1 mm / cutting edge 


Dry or wet 


Dry cutting 



[0027] Judgement of life was cutting time until average wear of relief face reached 0,4 mm. 
[0028] As clear from Chart 3, remarkable improvement of tool life of examples of this invention was confirmed. 
[0029] TiAICrON based multi-layers which was based on TiAIN layer but added by Cr and oxigen can improve oxi- 
30 dation proof, but also improve lubrication property without degrading wear resistance and furthermore improves layer 
adhesion created by lower stress and therefore in high speed dry cutting, superior properties can be obtained. In 
application field of hot forging and so on, its effects are the same. 



35 Claims 

1. Hard layer coated parts, characterized by at minimum one or two layers which contain Al, Ti, Cr, N, O. 

2. Hard layer coated parts according to claim 1 , characterized by each layer which consists hard layer has the 
40 following chemical analysis: 



(Al a Ti b Cr c ) <N W 0 1-W ), 

45 however, 30SaS7 0,305bg7 0,0.5ici2 0, 

a + b + c = 100, 0.7^wi0.99, 

3. Hard layer coated parts according to claim 1 or 2, characterized by a number of three to thousand layers. 

so 4. Hard layer coated parts according to claims 1 to 3, characterized by a layer thickness 5 nm - 2000 nm. 

5. Hard layer coated parts according to claims 1 to 3, characterized by hard layers with composite of less oxigen- 
containing A-layer and more oxigen-containing B-layer. 

55 6. Hard layer coated parts according to claim 5, characterized by an A-layer with oxigen content of 1 - 1 0 atomic- 
% and B-layer with oxigen content of 10 - 30 atomic-%. 

7. Hard layer coated parts according to claim 5 or 6, characterized by inclination composition of oxigen contents in 
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A-layer and/or B-layer or entire layers. 



8. Hard layer coated parts according to claims 1 to 7, characterized by hard layers with a crystal structure of the 
NaCI type. 

5 

9. Hard layer coated parts accordingto claims 1 to 8, characterized by supposing that in X-ray diffraction, the intensity 
of diffraction of (200)plane is 1(200) and the intensity of diffraction of (111) plane is 1(111), hard layer coated parts 
has a feature that l(200)/l(111 ) is a value of more than 1 . 

10 10. Hard layer coated parts according to claims ,1 to 9, characterized by hard layer crystalization with fine columnar 
crystals or amorphous. 

11 . Hard layer coated parts according to claims 1 to 10, characterized by a grain diameter of the fine columnar crystals 
of below 250 nm at a distance of 1 000 nm - 1 500 nm from the border line between the hard layer and the substrate. 
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12. Hard layer coated parts according to claims 1 to 11 , characterized by the compression stress residual in hard 
layer is less than 3,5 GPa. ^ 
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